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BETA SPECTRA OF SOME SHORT-LIVED NUCLIDES1 
by 
Laurence S. Ring, Jr. and D. J. Zaffarano 
ABSTRACT 
The determination of the energy endpoints of the beta radiation spectra 
from the parent nuclides of 'mirror pairs was undertaken utilizing an improved 
scintillation spectrometer as the means of detection. The Iowa State College 
67 Mev synchrotron was used to create the short-lived parent n~clei, and a 
short pnellJTatic tube was used to transport the samples rapidly to the counting 
position. 
1 
The scintillation spectrometer was an improved version of the one reported 
in ISC-3592 and subsequently by HuntJ:---1'he detector consisted of two photo-
multiplier tubes and anthracene crystals arranged to gi-ve nearly complete oolid·· ·· 
angle response to the particles from the thin (40 mg/cm2) samples used. 
The csl37 internal conversion electron peak was anaiyzed. The resolution 
of the peak was 15o9% v.rith a valley to peak ratio of 0.29. The p32, y90, and 
Cl34 spectra, which have reported endpoint energies of 1.70, 2.24, and 4.47 Mev 
respectively, were examined to test the accuracy of the scintillation spectrom-
eter and recording equipment. A calibration pulse height versus energy ratio 
was established by adjusting the Kurie plot from the recorded p32 negatron 
spectrum to have an endpoint energy of l. 70 Mev. The calibration ratio was 
then applied to the 1~0 negatron spectrum and the cl34 positron spectrum to 
determine their endpoint energies. The endpoint energies agreed with magnetic 
spectrometer values. This and additional spectral calibrations established 
that positron endpoints could be determined accurately with this equipment. 
A tabl e of reported experimental half-lives and positron energy endpoints 
for parent 1 mirr~ nuclei vrith atomic number greater than ten is included. 
1 This r eport is based on a Ph.D. thesis by Laurence S. Ring, Jr. submitted 
June, 1955 at Iowa State College, Ames, Iowa. This work was performed under 
contract uith t he Atomic Energy Commission. 
2 W. A. Hunt, T.v. Rhinehart, J. Weber, and D. J. Zaffarano, Ames Laboratory Report 
ISC-359 (1953) ; Rev. Sci. Inst~ 25, 268 (1954). 
3 W. A. Hunt, Ra(li oactive Disintegr ation Spectra of Some Short-lived Nuclides, 
Unpubl;Lshe d Ph.D. Thesis, Ames, Io11ra, Iowa State College Library. (1954). 
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The positron endpoint energies obtained by the author, and the respective 
'ft 1 values for the transitions are listed in Table l. 
Nucleus 
Si27 
p29 
sJl 
ca39 
Table 1. Endpoint kinetic energies, half-lives, and 
1ft' values for some 'mirror' transitions 
E (~) t~ (sec) 
3.82 ± 0.04 4.47 ! 0.05 
3.82 ... 0.04 4.46 ± 0.05 
4.42 .! 0.03 2.55 !: 0.02 
5.58 ... 0.04 0.97 + 0.02 
-
ft 
(sec) 
4520 ! 310 
4350 :!: 310 
-
4640 ± 250 
4830 ~ 230 
I 
\ 
\ 
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BETA SPECTRA OF SOME SHORT-LIVED NUCLIDES 
by 
Laurence S. Ring, Jr. and D. J. 2affarano 
I. INTRODUCTION AND LITERATURE SURVEY 
The positrons or electrons which are emitted from a radioactive source 
are definedas beta radiation. Early investigations of beta spectra showed 
that these particles had energies varJing continuously from zero up to some 
definite maxinrum energy. The maximum energy of a spectrum is called the 
endpoint energy for that radioactive nuclide. A number of nuclides produce 
beta spectra that are of considerable theoretical interest as will be sho>vn 
in the follmdng paragraphs. The emitting nuclide or parent in some of these 
cases contains one more proton than the number of neutrons in its nucleus. 
One of these protons undergoes a transition to produce a neutron, a neutrino, 
and a positron. The final or daughter nucleus then contains one more neutron 
than the number of protons in the nucleus. The parent and daughter nuclei of 
such a reaction are known as 1mirror '1 pairs • 
. - It is the purpose of this thesis to describe an improveci scintillation 
spectrometer, and to report the results of the application of this ~ ectrom-
eter to the positron radiation from the parent nuclei of 'mirror' pairs. 
The currently accepted theory of l;l .~ta decay was introduced by Fermi (1) 
in 1934. The neutrino hypothesis presented by Pauli in 1931 to explain the 
continuous beta spectra, occupies a central position in this theory\ Another 
choice of the interaction between the nucleon and the t>vo light part:tcles, 
has led to modification of the theory by Gamow and Teller (2). The nuclei 
of mirror pairs derive special interest in that, according to the Wigner (3) 
theory, when positron decay occurs between the ground state of the parent and 
the ground state of the daughter nucleus, the total energy difference should 
be only that due to the Coulomb energy resulting from the exchanging of the 
extra proton for a neutron. If this be t ·rue, the Coulomb .energy can be 
calculated qy the use of rather simple assumptions due to the symmetry between 
the initial and final nuclei. 
Carlson and Talmi (4) have recently presented a method of calculating 
the Coulomb energy differences bet1-veen mirror pairs . that only involves one 
energy parameter. They use the shell model of the nucleus with single nucleon 
wave functions from the harmonic oscillator model, including exchange effects 
in the state of the lowest proton seniority, for the nuclei of a mirror pair. 
The result of such a calculation leads to a value for the Coulomb energy of 
1 
C -y I 7f )2 
1 
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where LJ, (2) is the Coulomb energy difference and equals the beta endpoint 
energy plus the energy due to the neutron-p~oton mass difference, )I is 
characteristic of the harmonic oscillator potential well, e is the electronic 
charge, A is the mass number of the nucleus, .and J (A) is a rational number 
for each A and is evaluated from the harmonic oscillator wave functions. 
Carlson and Talmi list the experimental values for the endpoint kinetic 
energy of the positron spectra from the parent nucleus of mirror pairs, for 
A greater than 23. A more complete list of the endpoint kinetic energy and 
the half-life of positron spectra from mirror nuclei is listed together with 
their references in Tables 3-4 in the Appendix. 
Substitution of the experimental Coulomb differences in the left side of 
this equat~on yields information with which a plot of the energy parameter 
e 2 ( "'/7f )2 as a function of A was constructed. The resulting plot showed a 
constant value of this parameter for the mass number range between seven and 
fourteen, at which point it decreases in value. The experimental Coulomb 
difference determines the spring constant of the oscillator well, and there-
fore the single-nucleon wave functions and the shape of the charge distribution. 
In particular, the mean square radius of the nucleus can be obtained and defines 
the constant r 0 by the relationship ~ ~e't = 1, A~ X ;o -13 c m::: gS/3) <y-~v] '.L 
where Req is the radius of an equivalent uniform charge distribution and ~z.'\ 
is the mean square radius of the charge distribution. The value of this ~v 
constant is 
where o (A) is a rational number for each A. Experimental data for the 
Coulomb energies of the mirror nuclei produce a constantly decreasing r 0 
with mass number until A of 27 is reached, where it is indiqated by the data 
that the ~ucleus starts to expand at a rate greater than Al/3. The results 
of this investigation will be applied to this theory in an attempt to determine 
the magnitude of this expansion. 
Beta decay theory involves a function f(Z,p), where p is the total 
momentum of the emitted particle and Z is the atomic number of the resultant 
nucleus. f(Z,p) involves the momentum and a Coulomb correction factor for 
the effect of the nuclear attraction upon the emitted beta particle. The 
integral of this function times (E0 - E)2dp from zero to the maximum momentum 
and multiplied by the half-life of the activity defines the 1ft' value of the 
transition, where E0 is the maximum energy of the particle. The Fermi theory 
predicts that this Yft' value . should be a constant for all mirror transitions. 
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The product of the experi:-1ental 7alues of the half -life 1.nd the 1 f 1 
val ue (5) obtained for the given endpoint energy, 1-1erc used i:1 preparing 
Table 5 in the Appendix. There resul l..;s a ldde range in values for t!1is 
product, especially for the nuclides having the shorter half-lives. Many 
of these energy endpoint deter~inations resulted from magnetic clou~ chamber 
or fro:n absorption techniques. The scattering of the posi tro:"ls by t'1e gas 
of the cloud chamber, or by th0 absor1)ine material in the absorption method , 
can cause errors in both of these met~ods . A large number of photog~aphs 
is required by the cloud chamber meth-:Jd to reduce the statistical er::-or in 
the number of events for a given energy interval. The measurement of beta-
ray spectra by the magnetic spectrometer method results in very accu~ate 
spectra for the lone-lived nuclides. These spectrometers record only a 
small fraction of the emitted ::,eta p.::::-ticles, due to their small geo:-,Ietrical 
solid angle and to their detection in only a small momentum i~terval; it is 
therefore necessary to employ many sauples of a short-lived nuclide ~nd to 
normalize the data obtained from successive spectrometer runs. 
The beta-ray scintillation spectrometer used in this res8arch v!as devised 
in an attempt to overcome these difficulties. The Iowa State Collee~ 67 l~v 
synchrotron was used to create the parent mirror nuclide. A rapid shuttle 
system moved the tarc;et to the scintillation spectrometer 1-1her,e it r-emained 
for a period of three half-liv3s and ~vas then returned to the bombar dment 
position for further activation. The s9ectrometer afforded nearly a complete 
4 7J solid angle for acceptance of the positrons. Positron spe ctra ~w-ere 
recorded by photographing an oscilloscope screen. 1'he data a)peared in the 
form of dots that lie above a baseline, on a length of 35mm film. The film 
\vas later analyzed to obtain tbe number of positrons that lie in successive 
incremental widths of the film. These increments of -:f:'ilm were then converted 
into energy increments to produce the positron spectrum. 
The advantages of this spectrometer are: 
a. Slight probability for scattering before the positron enters the 
spectrometer. 
b. Large solid angle of ~cceptance for positrons entering the 3pectrometer. 
c. Positrons from the entire spectrum are recorded at once. 
d. The spectra from nany short-lived activations of the sample ca.'1 be 
swnmed. 
e. All of the original data are preserved for analysis at a later time. 
The beta-ray scintillation spectrometer appears to be useful for accurate 
measurements of the beta-ray endpoint energy from short-lived nuclei. The 
results of this research -vlill be compared to the experimental results obtained 
by other methods. Application o.f these results to theoretical treatments will 
be m::tde to ascertain the regions o.f validity of the theories. 
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II. EXPERIMENTAL EQUIPM!:NT 
• 
Description of Equipment 
The equipment used in this study of short-lived beta spectra from 
mirror nuclides was essentially that reported in ISC-359 (6) and subse-
quently in a report by Hunt (7). A number of components have been 
redesigned and will be discussed as they are approached in this repo::-t. 
The list •·rill include the scintillation spectrometer, the targets, the 
target transport system, the transport cycle control circuit, and the 
pulse generator and step attenuator circuit. A photograph of the elect-
ronic circuits and recording oscilloscope and camera is shown in Figure l. 
A beta source placed between two crystals mounted on a single photo-
multiplier tube produces a less distorted beta spectrum than a source 
placed over a single crystal. A scintillation spectrometer was devised 
utilizing this 'split crystal' technique first used by P. R. Bell et al. (8). 
The device actually constructed here consisted of two separate photo-
multiplier tubes ~~th an anthracene crystal mounted on each tube as sketched 
in Figure 2. The photomultiplier tubes chosen for this purpose were selected 
from a large number, in order that the amplification factor of the t1v-o would 
be as nearly identical as was possible. A small brass ring was attached to 
the face of each tube with Araldite type 101 (Ciba Co., N.Y.C.). Four piano 
wires were mounted equidistantly around the circumference of each ring. 
Two of these wires extend over the to? of the crystal and were formed in 
such a manner as to apply pressure on the crystal to keep it securely attached 
to the photomultiplier tube. The other two wires were shaped to keep the 
crystal centered on the face of the tube. 
The crystal was placed inside of the brass ring and optically fastened 
to the face of the photomultiplier tube with Silicone fluid. A thin aluminum 
foil was 1.vrapped around the outside of the brass ring to reflect some of the 
light that escapes from the crystal back to the photomultiplier cathode. 
A light tight holder tvas constructed to position the two photomultipliers 
with the plane surfaces of their C~Jstals at a distance of 70 mils apart. 
The conventional photomultiplier electrical circuits to the phot·omultipliers 
1-vere modified by placing variable potentiometers in the negative high voltage 
side of the circuits. This made it possible to very the gain of the tubes 
and to have them produce identical output voltage pulses for particles that 
produce identical energy losses in each crystal. The anodes of the two tubes 
were connected together and the output signal was produced across a common 
load resistor. This method permitted the addition of the voltage pulses 
produced in each tube and thus effectively integrated the light produced by 
a particle entering either or b.oth crystals. The summed voltage pulse was 
applied to the grid of a 'White' follower (9) which delivered it to the recording 
equipment. 
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Figure 1. Experimental Equipnent :for Studying Short-Lived 
Activities. 
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Figure 2. Drawing of Scintillation Spectrometer and Schematic 
of the Photomultiplier Circuit. 
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A guide was attached to the hc:ider, as shown in Figure 2, that accurately 
positoned a thin target between the crystal faces when the target was inserted 
into the guide. 
A target holder, shown in Figure 3a, was devised to prevent or ffilnlffilze 
target breakages. A uniform flexible wire, held at both ends, assumes the 
shape of a catenary when acted upon by a uniform force perpendicular to a 
line through the supports. Two nickel 1vires were shaped in the form of 
catenaries and wer~ inserted, in the same plane, into a balsa block (c) and 
fastened together on the side of the block. One loop of wire (a) extended 
farther out of the block than the other (b). The t vro v.rires v1ere then rolled -
until they had a thickness of 40 mils. A one-fourth mil 1Mylar 1 film was 
cemented to one side of these loops with diluted Pliobond adhesive. The one 
centimeter square · sample was cemented to the film in the space between these 
two loops. Another film was then cemented to the other side of this arrangement. 
The mass of the 1-Jires was greater than the combined mass of the sample, film, 
and adhesive; thus, the sudden ,stop of the holder did not change the shape of 
the wires, and stress forces on the thin films and target did not. arise from 
deformation of the support. 
The samples were all less than 40 mg/cm2 in thickness. rhis thickness 
corresponds to an energy ,loss of about 80 kev for electrons with energies ·of 
about five Mev. The calcium sample was of pure calcium metal rolled to the 
proper thickness. The samples of sulfur, chlorine, and phosphor~s were pressed 
into wafers v.ri th a hydraulic press at a pressure of 5000 lbs./in • The sample 
of silicon was prepared by dep0siting a measured amount of silicon· onto a 
film of 'MYlar 1 that was coated with a thin film of diluted Pliobond adhesive. 
All of the samples were cut to ,the dimensions of one centimeter square and were 
attached to the holder in the manner mentioned. 
The electronic equipment was calibrated for each run by using a pulse 
generator and a ten step attenuator. The pulses from the pulse generator 
were shaped to simulate, as nearly as possible, the pulses ·produced in the 
photomultiplier. These have a rise time of about two-tenths of a microsecond 
and a duration of two microseconds. The pulses from the pulse generator were 
fed into a step attenuator. The components of the attenuator were selected to 
diminish the pulse in ten equal steps that could be selected by a ten position 
switch. The ten steps were measured for accuracy by comparing them, on an 
oscilloscope, to a D.C. voltage level measured by a potentiometer (10). A 
particle entering the crystal, V.Qth a certain energy, will produce an amount 
of light in the crystal that is proportional to the energy of the particle 
unless it is scattered out of the crystal or penetrates only a part of the 
crystal. The photomultiplier converts. this light energy into electrical energy 
by t he photoelectric e:ffect and by secondary emission into a pulse that can 
be utilized by electronic circuits. - Thus the pulse out of the photomultiplier 
i s proportional' to the energy of the particle that enters the crystal. The 
ele ctronic amplifier used may not ' be linear in amplification, but by using a 
step attenuator the recorded pulse height 1vill be a function of the step 
8 
BALSA 
(c) 
. . . . 
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Figure 3a. Drawing of Sample Holder. 
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Figure 3b. Sample of the Data on 35mm Film. 
.. 
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attenuutor level. The energy of the particle will be a linear function of 
the step attenuator level if t~e ph~tomultiplier tube and the crystal are 
linear. The photomultiplier tubes were checked for linearity ~f output 
pulse vrith the intensity of l;icht that ·t-ras collected at the surface. This 
uas accomplished by using a pulsed light source of ccmstant i~tensi ty being 
collected by the photomultiplier. An optical filter of kno-vm density was 
then inserted be·tween the light source and the photomultiplier-' tube. Ten 
filters, having known densities such that the light transmitted will have 
a variation of between one and ten, were used in the test. The output pulse 
heights for these ten filters ~vere measured and found to be of the relative 
heights expected if the photom~ltiplier tubes were linear. The procedure 
was repeated for four negative high voltage settings, between 670 and 1130 
volts, on the photomultiplier tube. In all cases, the photomultiplier 
pulses \vere proportional to the light intensity transmitted through the filter. 
It was very noticeable that different photomultiplier tubes have different 
characteristics. The Du Mont 6292 type tubes have a lower gain for a fixed 
high voltage applied to them than the R.C.A. 5819 type tube. The Du Mont 
6292 tube has a lower variation of pulse height for a constant intensity 
light pulse than the ~.c.A: 5819· tube. The DuMOnt 6292 tubes were used in 
this instrumentation because the uniformity of pulse height, for a constant 
intensity light pulse incident on the tube, >vill mean better resolution of 
the equipment and the loss in amplification can be offset by using higher gain 
amplifiers in the electronic circuitry. An amplifier was constructed by 
W. A. Rhinehart that met the specifications necessary for this condition. 
The alternating magnetic field of the synchrotron affected the motion 
of the electrons in the photomultiplier tubes. To minimize this effect, the 
scintillation spectrometer was placed at a distance of eight feet from the 
x-ray beam of the synchrotron and the· tubes were surrounded by a magnetic 
shield. The targets were less than 40 mg/cmF in thickness and did not yield 
a large number of radioactive events 1vhen bombarded for a time equal to two 
or three half-lives of the isotope. The half-lives of the nuclei investigated 
were from one to five seconds. It was necessary to move the target from the 
position at ~mich it undergoes bombardment to the scintillation spectrometer 
in a time that was small compared to the half-life of the nucleus being studied. 
A rectangular aluminum tube, about eight feet in length, was placed with a 
closed end in the x~ray beam and transverse to the direction of the beam. 
The open end of the tube was inserted into a slot in the scintillation spectrom-
eter. The balsa holder for the sample was machined until it wculd slide freely 
inside the aluminum tube. The closed end of the tube had two hoses attached 
to it. Air pressure was available to one of these hoses through a solenoid 
valve and a vacuum pump was connected to the other hose through another 
solenoid valve. The cycle programming circuit was designed to control the 
valves, and the time duration of each operation. The aiT pressure was adjusted 
to move the target holder from the bombarding position to the spectrometer 
position in about three-tenths of a second. The vacuum would return the holder 
to the bombarding position in approximately two seconds. 
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The cycle programming circuit, shown in schematic form in Figure 4, 
consisted of three adjustable electric timers. The first timer controlled 
the bombardment duration .of the sample. The sample holder was held in the 
bombarding position by the vacuum before this control started timing the 
duration of the bombardment. The out?ut of the scintillation spectrometer 
vias shunted out, so that the large nu!aber of events due to the x--ray beam 
burst would not change the voltage level of the input capacitor of the 
amplifier and thus the change of its gain characteristics. T~e vacuum was 
released from the sample holder and the air pressure allowed the holder to 
move to the scintillation spectrometer at the end of this time. The second 
timer could be varied to prevent pulses from leaving the spectrometer until 
a half-life shorter than the one under study could decay out. The scintil-
lation spectrometer was then allo-vmd to feed pulses to the amplifier, and 
the shutter of the recording camera and the clutch for the film drive were 
actuated at the end of this time. The third timer determined the duration 
of the recording cycle. At the end of this time the camera drive clutch 
l·Jas released, the shutter closed, and the sample holder remrned to the 
bombarding position. The usual duration of the first and third timers was 
about three half-lives for the nuclide being studied. The dlration of the 
second timer was normally set at about eight-tenths of a second. There was 
a delay of about three half-lives between the end of the recording period 
and the beginning of the next cycle, although this time was not adjustable. 
This cycling was repeated automatically until a sufficient amount of data 
were recorded by the camera for the desired statistical accuracy. 
The camera was a Du Mont 321 with a Leitz Summicron f/2 lens. 
a magnficiation of tlvo-thirds, and produced circular dots of about 
mils diameter on the film. The film used was unperforated Eastman 
Linagraph Pan (LP-414). A sample of the recorded data is pictured 
This had 
eight 
Kodak 
in Figure 3b. 
The film speed required to record a given number of events on a length 
of film was determined by the use of a discriminator and scaler. The output 
pulses from the amplifier were fed into a discriminator whose level could 
be adjusted. The level of the discriminator was deterinined for the unknown 
samples by recwiring that a pulse, relating to a particle having a minimum 
of a bout h-10 and one-half Mev of energy, be counted by the scaler. In this 
manner, a k~own densi~ of events could be recorded for the upper end of 
the beta spectrum. 
Equipment Tests and Calibration 
The use of two photomultiplier tubes to measure energies accurately 
required that both tubes have the same amplification and produce identical 
output pulses for equal energy losses in the crystals. The gains of all 
of the available tubes at the Synchrotron laboratory were measured, relative 
to one another, by pl acing a·sodium iodide crystal on each tube and measuring 
the position of the Csl37 0.66 Mev gamma-ray peak with a differential analyzer. 
T1~o tubes, r,.Ji th very nearly the same gain, were chosen in this manner. They 
were mounted in the fashion described, and the voltage on one was adjusted . 
. . 
Figure 4. 
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Schematic Diagram of' Cycle Programming Circuit. 
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until the csl37 internal conversion beta-ray peak coincided with the peak of 
the other. These measurerrents vJere taken vJith three-quarter inch anthracene 
crystals mounted on the tubes, and the data Here recorded on film i.n the 
same fashion as for the unkn01m samples. The resulting spectrum is shown in 
Figure 5. The resolution of the Csl37 peak was defined as the -vridth of the 
peak at half maximum divided by the h3ight of the peak from the.baseline. 
The resolution Has 15.9% and the ratio of the valley of the spectrum to the 
peak was 0.29. This compares very favorably with the corresponding ratios 
for thick crystals as reported by Hunt (7). 
The film VJas developed and analyzed wi. th the multichannel pulse height 
film analyzer (6). The data obtained from the film analyzer were in the 
form of nQ~ber of events versus the analyzer channel number. The step 
attenuator values were obtained as a function of channel number. The analyzer 
partitions the film into two hundred discrete channels 1-Jhich Here later con-
verted into equivalent step attenuator values. This produced the number of 
eve~ts as a function of a quant~ty that is proportional to energy. The fact 
that there 't-rere only a few events per unit length of film >..ras overcome by 
combining the total events from two channels. Thus the points shown in each 
of the spectrum are the sums of two channels. This procedure decreased the 
number of events that 1-vere required in each channel to achieve a low statistical 
error. The lower number of events in each channel increased the accuracy of 
event counting, as is discussed in the section on errors. 
A plot of energy versus the square root of the number of events per unit 
energy interval times ~ divided by the function f(Z,p) is a linear function 
of the energy for an allowed transit1ion and is defined as a Kurie plot. The 
quantity P'. is the ratio of the velocity of the particle divided by the velocity 
of light. f(Z,p) is the modified Fermi Function as given in the National 
Bureau of Standards Table of Fermi Functions. 
The scintillation spectrometer had a finite energy resolution. End 
corrections were applied to the high energy end of the spectrum to compensate 
.for the effect of recording more counts at or near the apparent endpoint than 
exist in the true spectrum. Laslett and Palmer (11) have made calculations 
for this type of correction. The corrected points are shown as squares on 
the Kurie plots; however, these points were not used in the least squares 
analysis. 
A long lived (14 day) source of p32 was mounted on a holder and the spectrum 
was measured. The beta endpoint of this sample had been measured very accurately 
with · magnetic spectrometers (12, 13) and produced a Kurie plot that 1-vas linear 
to 260 kev. The resulting Kurie plot that was obtained from the author's scintil-
lation spectrometer was found to be linear to about 650 kev. This lower limit 
was not due to nonlinearity of the plot, but was the minimum energy that was 
recorded by the equipment. This lower limit is to be compared to the value of 
1050 kev where the Kurie plots of Hunt (7) and Boley and Zaffarano (14) 1eave a 
straight line and bend upward. The reason for the bending is that electrons 
scatter out of the crystal before losing all of their energy. This results in 
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Figure 5. Beta-ray Spectrum of csl37. 
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an overabundance of lo1-r energy particles which will turn the Kurie plot upw·ards. 
The equipment used "t-ras devised to overcome this difficulty by having another 
crystal in the path of the scattered electron. The only energy lost in such 
a process is due to the thickness of the target s<1ll1ple that the electron has 
to pass through. The targets used 1orere less than 40 mg/ cm2 in thickness and 
-r-wuld only attenuate the electron ener2y by about 80 kev per traversal. 
The endpoint of Cl34 has been reported as 4.47 -" 0.02 Mev (15), 4.50 :t 
0 .03 Hev (16), and 4.45:!: 0.10 Hev (7). The endpoint energy of y9b has be~n 
reported as 2.24 Hev (17), and 2.25 Hev (18). 
The a ccuracy of the equipnent v.ras investigated by recording the spectra 
of p32, y90, .:md cl34. The film was analyzed in each case as described 
previously, and the channel number coordinate Has converted into an equivalent 
step attenuator scale. A Kurie nlot of p32 1-ras made assuming a given step 
attenuator value for tM endpoint energy. The endpoint for this assumption 
was determined by a least squares calculation from the points that lie on a 
straight line. The calibration was then adjusted from this endpoint in order 
to have the p32 endpoint at 1.704 Mev. Using this cal~bration of energy, versus 
step attenuator value Kurie plots for the Y90 and Cl34 were obtained. The 
endpoint energy for y90 was 2 • 2 4 Mev and the e ndpo:int for Cl3 4 1oras 4. h4 Mev. 
The heta spectra and their respective Kurie plots are shmm in Figures 6 and 7. 
The agreement of tho cl34 positron spectrum endpoint with other reported results 
after calibration oft he equipment v..Ti th the p32. negatron s pectrum end~oint, 
indicated that the anthracene crystal produced an equal amount of light for an 
equal energy loss from ei the:r:- type of particle. 
The procedure employed in a run of an unlmmm beta spectrum >vas ~irst to 
use t1vo feet of film to record the electronically generated pulse heights through 
the ten positions of the step attenuator. T1venty feet of film were used to 
record the p32 beta spectra. The synchrotron was continuously operated for a 
period of 45 minutes to activate the Cl34 sample to produce the 4.47 Mev endpoint 
energy positron activity. , This sample w·as inserted into the scintillation 
spectrometer, and data were recorded after a three minute delay to insure that 
the short-lived C23 seconds) Na21 beta spectTilm had disappeared. The recording 
of this snectrum took about 30 minutes to nroduce a sufficient number of recorded 
events be.cause of the lou yield from t!1e thin cl34 target. Twenty-five feet of 
film 't•Tere utilized to record this spectrum. The remainder of the 100 feet of 
film was used for the unknmm s fB ctrum. The remainder of the 100 feet of film 
>rras used for the unknmm spectrum. The film speed was adjusted to yield a 
high density of events on the film, by a discriminator and a scaler that registers 
events per unit time. In some cases, two unknown samples were recorded on the 
renainder of the 100 feet of film to correlate their t Ho energies as well as the 
kno,m beta spectra. 
The background energy spectrum, due to the components of the sample holder 
and the short-lived general radioactivity in the accelerator room, was measured 
by having a sample holder vJith a large amount of Pliobond adhesive replacing 
the source. This target was cycled, using the same time intervals and the same 
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number of cycles as lvhen the unknown sample Has in the holder. This procedure 
of background measurement was repeated with the timing cycle used for each 
sample. Analysis of the background spectra showed that the background was 
constant for the highest two Mev energy interval used for each sample. Figure 
8 indicates the results obtained for one of these runs, and shows clearly that 
the background spectrum is essentially flat over the portion of the unknown 
spectrum that is utilized for the Kurie plot. 
Errors 
The quantity~)?~ plotted in quadrature with the energy corresponding 
to that quantity is defined as the Kurie plot. The errors that are involved 
in this plot are; energy error of each point du,~ to uncertainty in the cali-
bration curve of step attenuator value against channel number, error in the 
value of the Fermi function for each energy, error due to the energy interval 
not being a constant for each point~ the error due to resolution of the recorded 
events on the film, and the statistical error in the number of recorded events 
for each energy interval. 
The energy error of each point was due to the uncertainty of the channel 
numher that corresponds to a given step attenuator value. An estimate of 
this error was made by assuming a straight line tG rit the upper half of the 
calibration curve and using a least squares analysis to determine the constants 
of the equation. The probable error in the , step attenuator value was calculated 
and the uncertainty of each value corresponded to an energy error of less than 
four kev. This value was greater than the actual error because of the assumption 
of a straight line t.o fit the curve. The magnitude of this error justifies the 
conclusion that it need not be considered. 
The Fermi function has been tabulated with an accuracy of at least five 
decimal places and an error in the value would tl1erefore be negligible compared 
to the statistical error in the number of events at each point. 
The calibration cu~re of step attenuator value versus channel number 
produced the result that the number of events that were recorded in a unit 
interval of film did not COIY€6pond to the number of events that lie in a unit 
interval of energy. The energy interval decreases with an increase of energy. 
The energy, interval at the endpoint of the spectrum was taken as a unit inter-
val and the number of events in the other intervals were reduced by the ratio 
of the width of the endpoint interval to the width of interval corresponding 
to the recorded number of events. A new Kurie plot was then plotted ivi th 
these corrected number of events in each interval and the endpoint was deter-
mined by a least squares analysis. The endpoint of this plot agreed with the 
endpoint of the uncorrected plot to within six kev which was small compared 
to the probable energy error of the plot. Therefore 3 titis correction was 
considered to be negligible. 
The random fluctuation in the number of events that appear in a given 
channel on a unit length of film required that a calibration be made for the 
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')-roba 1ility that t1v-o events ~--rill lie within one dot diameter of each 0ther. 
lin. e;.<L'"1ple of the r.~aenitude of this effect is that if a Poisson distribution 
is assumed for the random order of the events in a r.;iven channel of t:1e film, 
and if there are tv o events to 'ln inch of t~1e film in a channel, and if the 
dot di.1J11"3ter is ten mils, there •Jill be a t~·o nor cent reduction in the number 
o: events th.:1t is recorded. The speed of the film in the came:':"a Fas reculated 
to a value such that this pile-up of r2corded events would be negligrJle in 
the calculate Kurie plot. In the run that had the hi[jlest nu·:1ber of events 
on a unit lene;th of film, the Kurie plot obtained from these data deviated 
from the Kurie plot obtained from t he corrected data by only t·:o per ~ent at 
the hiehest number of events per ch311nel. A least squares calculation Has 
made for each of these sets of data and the endpoints >·rere determined . The 
statistical nature of the events 1vas such to obscure any chanee in the shape 
of either straj_ght line and the endpoint Has decreased by only eight kev 
a:.'tor the correction "ras applied to the data. 
The short half-lives and the low activity of' the saT1ples investi :;ated 
required that only a short leneth of film be used for each cycle. The 
number of events on this section of film decreased exponentially due to 
the half-life, and the events i::1 a given channel vti..ll have this cyclic 
exponential de cay. In calculating the effect of the film resolution, the 
averaee number of events 1v-as used in the correction term. To determine the 
correction due to an exponential decay , a three half-life exponential decay 
ras ivided into twelve sections and the number of events in a channel in 
e.::tch of these sections Has corrected t'J find the tote.l number that oc:::urred 
in each of these se ctions. These corrected numbers for each section rere 
then added to~:;ether to find the total number that occurred in one cha-rmel 
for this three half-life section of film. The pe rcentage change in t:1e nu:nber 
of events before ;_mrl after this c orr2ction, "\..ras compared to the perce:1tabe 
achieved uhen a uniform number of events uere assumed on the film. The 
error 1--!2.3 chan;::-ed by only one-lnlf ~er cent in the case of the hi£he::;t density 
of dots on a unit lencth of film. 
The only aiJpreciable error in the Kurie plot is that due 
fluctuation in the number of recorded events for each point. 
error in the ordinate of ;__ (1 )~, vrhich is nearly a constant 
to the statistical 
This produces an 
for eac:1 plot. 
Thus, each point of the plot ~>Jill haYe an equal 1-.reight in a least squ:1res analysis 
of the plot. The ) sonstruction of each Kurie plot was made Hi th clots that had a 
diameter of ( 1- ~ . 
The determination of that section of the Kurie plot that can be utilized 
to determine accurately the endpoint of the beta spectrum r,.ras clone by placing 
a straight edge on the Kurie plot and connecting the points that lie within 
the uidth of one dot from the line. The points in the energy interval that 
~-ms selected by the straight edge ·rere then used in a least squares de-termination 
to f~o.cl the best strai ght line through these points . The calibration spectra 
o.f p-J~ and Cl34 were first fi.t , in this manner, until the endpoints that r,rere 
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determined by the least squares determination agreed vlith the values of 1704 kev 
and 4.47 Mev respectively. This was accomplished by first trying a ratio of 
energy to step attenuator value and finding the endpoint value that resulted 
after using a least squares determination. The step attenuator value corres-
ponding to this energy was then used for the endpoint energy for the next 
attempt at calibration of the equipment. This procedure was foond to be very 
accurate, since a chan~e in the ratio of energy to step attenuator value of 
six per cent produced a change in the value of the step attenuator at the end-
point ·energy of less than one-half per cent. A determination of the probably 
energy error of the endpoint energy was calculated follo~~ne the proc3dure 
outlined in Worthing.and Geffner (19) and was used for the energy error in the 
calibration points. This value was always less than ten kev. 
The correct calibration ratio as determined above was then used to calculate 
the Kurie plot for the unknown spectrum. The endpoint for the spectrum was then 
determined by using a least squares calculation fur the data points at the upper 
end of the spectrum. The probable energy error of the endpoint energy was 
determined. 
A number of runs were made for each of the samples. The endpoints were 
averaged together to find their arithmetic mean, f" . Let the endpoint energies 
of the n unknown spectra be 
f . =A' +(n ·-+c-) 
,(. ,(. - "l__.t: - :-<- ) 
~nere ai are the probable errors due to the statistics of the Kurie plot, and 
Ci are the probable errors due to the quoted error in the calibration endpoint 
~~:rfa~ge;h~/'obable ?t:Ct ;~~)~)tr0:fi, t~s:a~stics will be 
'( n(n-1) \: n2- / ' 
where the first term is usually described as the 'external' error, and the 
second ~erm is called the 'internal' error of the points. Let the endpoint 
energy value of the calibration spectrum be 
;· . 
The 
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The results from the Si27 runs, listed in column two in Table 1, will be 
used as an example of the calculation of errors. The results from the three 
runs were 3.85:!; 0.02, 3.82! 0.01·, and 3.79 ± 0.03 Mev. The arithmetic average 
will be 3.82 ~y. The proba~le error in this energy determination will be the 
larger of [(3./f:/_- 3.ts/:,(3.8:t-3.8J.)"+ll-l.J..-J:·7l):c l~r \ (,_.{(± (• o3J"+fr>.,Jtf~ 
3y.~ J l J'X3 J 
This is the value quoted in column tbree of Table 1. 
The quoted experimental value for the calibration energy endpoint of Cl34 
is 4.47 ± 0.02 Mev. The total error in the experimental value. for Si27 will be 
- [ooo.3 + (...J-8.2. X .o.t._\~:rl.. .. o.c.3 1'\~ J. 
if-·41 / J 
This value is quoted in column four of Table 1. 
Therefore, the endpoint energy for the beta spectrum from silicon is 
3.82 "' 0.03 Mev. 
III. APPLICATIONS TO SOME MIRROR NUCLIDFS 
Silicon 27 
Silicon 27 was formed by the ( Y ,n) reaction on the stable silicon 28 
isotope. The target was of pure silicon_powder. The manufacturer assays its 
purity to be 97 per cent silicon, with iron as its _largest contaminant. 
Three runs were made with this target. Since the half-life of silicon 27 is 
given by Hunt (7) as 4.05 seconds, the bombardment and record times were 
adjusted to thirteen seconds and about 80 cycles were required to complete 
a run. The results of these runs are given in Table I. Figure 9 shows the 
spectra obtained from the multichannel film analyzer for the silicon and the 
calibration elements of P32 and Cl34, as well as the linearity plot of channel 
number versus the step attenuator setting. Figure 10 shows the Kurie plots 
for the silicon and calibration samples. 
The average maximum endpoint energy for the silicon target was 3.82 Mev 
~~th a total error of 0.04 Mev. This endpoint was assigned to the mirror 
parent nucleus of Si27. This is in good agreement with the value reported 
by Hunt (7) of 3-.76 Mev and the 3.805 Mev reported by Kington et al. (20) 
using the -Qpn method. -- --
A second beta group was noticed in each of the runs. A subtraction process 
was carried out to determine the endpoint energy of this group and an average 
endpoint value of 3.17 :!: 0. 04 Mev 1..ras obtained. The 3.17 Mev value for this 
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Table 1. Results from the present investigation 
Nuclei Endpoint Average Corrected Error* 
(!1ev) (Mev) (Mev) 
Si27 3.85 + 0.02 
·' 
" Si27 3.82 :; 0.01 3.82 :!: 0.02 + 0.03 
Si27 ... 3.79! 0.03 
Al26 3.22 = 0.01 
Al26 3.17 :!: 0.01 !it ' ... 
Al26 3.16 + 0.02 3.17 + 0.03 :!: 0.04 
Al26 .... 3.13 :!: 0.01 
p29 -3.77 + 0.02 
p29 3.84 i 0.01 3.82 = 0.03 :t 0.04 p29 3.82 i 0.03 
p29 3.85 ~ 0.01 
p-30 3.29 + 0.01 
p30 3.26; 0.01 3.29 :!: 0.02 ! 0.03 p30 3.28 :; 0.01 p30 3.30 ; 0.01 
-
sJl 4.39 ~ 0.02> 
sJl 4. 43 :;: 0.02 
s31 4.44 ; 0.01 4.42 :!: 0.02 :!: 0.03 531 4. 43 ~ 0.01 
531 4.40 + 0.01 
531 4.41 ± 0.01 
ca39 5.56 + 0.01 
ca39 5.55 ; 0.01 
ca39 5.59 t 0.02. 5.58 :!: 0.03 :! 0.04 
ca39 5.61 + 0.01 
Ca39 5.59 ~. 0.01 ~· 
*Errors quoted arise from statistical fluctuations in data (probable errors), 
uncertainty in calibration endpoints, a~d systematic error in the multi-
channel pulse height analyzer. ~ 
J 
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lower energy group compares very favorably with the 3.15 Mev value reported 
by Hurtt and was assiened to the ( Y,np) and/or ( d,d) reaction which produces 
the Al26 isotope. Recent energy endpoint values for Al26 are reported by 
Haslam et al. (21) as 3.20 = 0.10 Mev using absorption techniques, and by 
Kavanaugh et al. (22) as 3.20 ± 0.05 Mev using a magnetic spectrometer. 
Phosphorus 29 and 30 
Phosphorus 29 was formed by the ( "2n) reacti on on the stable phosphorus 
31 isotope. The ( ~,n) reaction on p3l has a very high yield with a positron 
spectrum of endpoint value slightly below the P29 endpoint. The half-life 
of p30 is about 2.6 minutes (23) as compared to the 4.45 second (24) half-life 
of p29 spectrum, making it impossible ~i th this equipment to separate the two 
and retain only the p2Y spectrum. Four runs were made with this sample using 
a 15 second bombardment and record time. The results of these four runs are 
tabulated in Table l. Figure ll shows the spectra obtained from the multichannel 
pulse height film analyzer for the phosphorus and the calibration isotopes of 
p32 and Cl34, as well as the step attenuator readings necessary to determine 
the energy calibration. Figure 12 shows the Kurie plots obtained from these 
spectra. 
The high energy positron spectrum has an average energy value of 3.82 ± 
0.04 Mev. This energy value was assigned to the mirror nucleus p29 and is in 
fair agreement with the value reported by Roderick et al. (25) of 3.945 ! o:oo5 Mev 
using a marnetic spectrometer, and the value of 3.9 ~ 0.2 Mev reported b~ Nahmias 
and Yuasa ~26) using a scintillation spectrometer. 
The p30 endpoint energy was determined after a subtraction of the linear 
portion of the p29 Kurie plot from the composite plot. The average endpoint 
energy of P30 is 3.29 : 0.03 Mev and agrees very favorably with the 3.31 Mev 
reported by Hunt. The _recent energy endpoints reported for p30 are 3.23 ± 0.07 Mev 
by Koester (23) using absorption techniques, and 3.24 ! 0.06 Mev by Green~ and 
Richardson (16) using a wagnetic spectrometer. The~ good agreement of this value, 
after a subtraction of ~9, serves as a means of internal check of the equipment 
and indicates that the portion of the Kurie plot that was ascribed to p29 is well 
defined. 
Sulfur 31 
The sulfur 31 isotope was formed by the ( r, n) reaction on the stable sulfur 
32 isotope. The target was made of pure sulfur, pressed into a thin wafer with 
a hydraulic press at 5000 lbs/in2. The half-life of S3l has been measured to 
be 2.40 seconds by Hunt; therefore, the bombarding and recording times for this 
sample were set at eight seconds. The number of cycles, required for a complete 
run on this sample, was about 200. Six runs were made with this sample and the 
results of all six are listed in Table I. Figure 13 shows the spectra obtained 
for one of these runs. Figure 14 shows the Kurie plots obtained from these 
spectra afte'r the step attenuator readings were applied to the energy calibration. 
The endpoint energy obtained for these runs has an average value of 4.42 ± 0.03 Mev. 
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This v~lue was below the calibration endpoint energy of 4.47 Mev that was ascribed 
to Cl34. The p32 endpoint energy was not used in obtaining the sulfur value 
because of the small difference in energy between the chlorine and sulfur vaues. 
The value for sulfur is in good agreement wi tli. that reported by Hunt of 4 • .50 :!: 0 .l Mev. 
The fact that Hunt's value is above the chlorine calibration energy, and this ~value 
is belo't-T the chlorine value, could be due to a slightly greater amount of back-
ground than Has accounted for by Hunt. The present equipment has doubled ihe solid 
angle available for the particles, when compared to HuntVs spectrometer, and a 
higher beam intensity was available from the synchrotron. This made possible a 
shorter total recording time and thus less background. A recent val~e for s31 was 
reported by Rubin~! al. (27), using -~pn techniques, of 4.23 ~ 0.2 Mev. A private 
communication to Dr. B. C. Carlson of this staff, by Bichsel (?8) using a magnetic 
spectrometer, indicates a preliminary result of 4.30 ~ 0.1 Mev for this endpoint. 
Calcium 39 
The calcium sample was prepared from a small piece of pure calcium metal 
that was slowly rolled0 in a falling machine~ until it reached the proper thickness 
equivalent to 37 mg/crnr. CalQium 39 was formed by the ( ~,n) reaction on Calcium 
40. The half-life of ca39 was reported by Kline and Zaffarano (29) to be 
0.90 ~ 0.01 seconds. The bombardment and record times of the equipment were 
adjus~ed to three seconds with a delay between them adjusted to six-tenths of 
a second. The number of cycles, required to complete a run, varied between three 
and four hru1dred; depending on the intensity of the synchrotron x-ray beam at the 
time of the ~un. 
There were five runs made on this sample, and the results of these runs are 
listed in Table 1. A sample of the beta spectra resultine from one of these runs 
is plotted in Figure 1.5. Figure 16 shows the resulting Kurie plots obtained from 
these spectra ~fter applying the calibration curve produced by the step attenuator. 
The average of these endpoint energy values for Ca39 is .5 • .58 : 0.04 Mev. 
There is a wide range in values for the reported endpoint energy of this 
isotope. A 6.7 Mev endpoint was reported by Braams and Smith (30) using absorption 
techniques. The values reported by Boley and Zaffarano (14) and by Hunt are .5 .13 
and 6.10 Mev respectively. These latter values were obtained using scintillation 
equipment similar to that used in the present experiment. 
The present equipment affords double that solid angle available for the 
particles to enter the crystal as compared to the arrangement of Hur1t. The higher 
beam intensity available for the present equipment, coupled with this increase in 
counting efficiency, required less total recording time an,d less background would 
be accumulated. The great number of cycles that are necessary for the calcium 
run, compared to the other runs, decreased the ratio of counts from the sample to 
the counts due to the background. This would serve to increase the apparent 
endpoint of the sample and therefore increase tne energy endpoint if the larger 
number of background events were not subtracted. The report of Hunt did not 
mention that any background spectra had been recorded. 
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Figure 15. Beta-ray Spectra of p32, ca39, and c134. 
32 
(/) 
t: 
z 
:::> 
>-
cr 
<[ 
cr 
1-
m 
cr 
<[ 
z 
1~1- 4 .0 
"> 3.0 
2 .0 
1.0 
ISC-648 
ENERGY IN MEV 
Figure 16. Kurie Plots of p32, ca39, and cl34. 
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The calcium sample was run five times with a maximum difference in endpoint 
energy of 60 kev as compared to the 200 kev for the four runs of Hunt. The 
endpoint reported by Hunt is weighted more in favor of the two higher values, 
and in particular on the one endpoint value of 6,10 Mev. 
N. SUMMARY AND CONCLUSIOI-5 
This investigation of the endpoint energies of the heavier mirror nuclei 
was performed to achieve a better determination of ~hese values . A comparison 
of the results of this investigation ~~th the results from other methods would 
determine if all of the methods are comparable v~th one another or contain 
inconsistencies in themselves. 
In the previous section it was seen that for most of the isotopes under 
study, there is a great deal of agreement in the results. The main ~xception 
to this statement was ca39, where a much ,greater endpoint energy was reported 
by Hunt (7). A discussion of this difference is contained in that section. 
The values of the quantity f were obtained from the article by Feenberg 
and Trigg (5), for the respective endpoint energies and atomic number, and 
<v-ere combined ~1. th the best available values of the half-lives of the reactions 
to produce the ft values of the beta transitions for the mirror nuclei that 
are listed in Table 2. The ft values that were obtained are in very good 
agreement with one another, as was predicted for these supera~lowed transitions. 
A list of the experimental endpoint kinetic energies and half-lives of 
the positron spectra from mirror nuclei is given in Table 3-4 in the Appendix. 
An average, weighted by the reciprocal squares of the quoted errors (31), was 
obtained for the endpoint energy and half-life of each nucleus. The ft values 
were then computed and are listed, with the ft values from the present work, 
i n Table 5 in the Appendix. The average value of all of the ft values is 
about 3800. This is to be compared with the average value of 4600 from the 
present work. 
Table 2. Beta endpoint energies and ft values for mirror 
nuclei obtained in this investigation 
Nuclei Emax tt ft 
(Mev) (sec) (sec) 
3.82 + 0.04 4.47 + 0.05 4520 + 3l0 
3.82 ± 0.04 4.46 + 0.05 4350 :!: 320 
-
4.42 ! 0.03 2.55 ! 0.02 4640 :!: 250 
5.58 + 0.04 0.97 + 0.02 4830 + 230 
-
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The positron endpoint energies were used with the quantities given in 
Carlson and Talmi's (4) article to obtain a value of the quantity r 0 for 
these nuclei. The resulting values, along with the values for the best 
determinations as used qy Carlson ~nd Talmi, are shown in Figure 17. It 
can be seen that these values do not folloH' the decreasing slope of the 
curve, but they do indicate that the value of r 0 does increase at the value 
for A of 29 and then decrease to an asymptotic value of 1.2 for the heavier 
mirror nuclei. It is believed that this chang~r:'in ~~. co'llld be better under-
stood if the endpoint energies for the Cl-?3 I Aj-;; and Sc41 t were measured 
with greater accuracy. The endpoint energy of KJ7 has never been measured 
and should offer a further test of this theoretical treatment. 
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VI. APPENDIX 
Table 3. Decay characteristics of parent mirror nuclides 
Positron To 
Emitter (Mev) Method Reference 
6cll 0.95 :!: 0.03 cc De 40 
0.981!: o.oos H/ To 40 
0.99 ! 0.01 H/' Si 44 
0.968:!; 0.008 H;:' Wo 54 
7Nl3 1.198; o.oo6 Hr' ~ 39 
l.218i o.oo4 H/ To 40 
1.24 :;: 0.02 Hr' Si 45 
1.25 !: 0.03 H/ Co 48 
l.202t o.oos H/' Ho 50 
solS 1.68; 0.10 abs Sh 49 
1. 683! o. 005 H/ Br 50 
1. 736:!: 0.008 pn Ki 55 
9Fl7 - De 50 1. 72 .,. 0.03 H/ 
1.7 ± 0.02 abs La 51 
1. 748~ 0.006 H.f' Wo 54 
1. 76 ± 0.05 abs Ko 54 
10Nel9 -2.20 ± 0.? cc Wh 39 
2.2 ... 0.1 abs Bl 46 
.... 
Sh 49 2.3 ... 0.1 abs 
2.2 :; 0.1 abs Bl 51 
2.18 ; 0.03 H/ Sc 52 
2.224± 0.008 pn Ki 55 
Na21 11 2.53 t 0.10 scin Bo 51 
2.50 ~ 0.03 H,L' Sc 52 
Mg23 2.82 .,. ? Wh 39 12 cc 
2.78! 0.3 pn Wh 39 
3.17 ± 1 pn Bl 51 
2.99 :!: 0.09 scin Bo 51 
3.073+ 0.010 pn Wi 52 
2.95 ~ 0.07 scin Ml 54 
3.038t 0.010 pn Ki 55 
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v:ro APPENDIX (continued) 
Table 3. Decay characteristics of parent mirror nuclides 
Positron :. T 
Emitter (~v) Method Reference 
l3A125 3.23 ~ o.o6 d Li 52 
3.17 + 0.15 abs Ju 54a 
3.281; 0.025 pn Ki 55 
l4Si27 3.54 ; O.l cc Ba 40 
3~74 i? cc Me 40 
4.0 + O.l pn Me 40 
4.1 :;·'; ? pn Bl 51 
3.48 '; 0.10 scin Bo 51 
3.805~ 0.010 pn Ki 53 
3. 76 io;o8 scin Hu 54 
3.78li '0.010 pn Ki 55 
3.82 ... 0.04 
.. scin Ri 55 
15p29 3.67 :!: 0.07 cc "Wh 41 
5.25 :!: 0.1 d Pe 48 
4.16 ± o.o4 
Li 52 
d Ma 52 
~. 
Li 52 
3.9 = 0.2 scin Na 53 
3.945± 0.005 H/ Ro 55 
3.82 ± 0.04 scin Ri 55 
lS)31 3.87 :!: 0.15 cc El 41 
3.85 :!: 0.07 cc Wh 41 
4.06 :!: 0.12. scin Bo 51 
4.50 + 0.10 scin Hu 54 
4.23 :!: o.z pn Ru 55 
4.30 + ~~10 H,...t' , Bi 55 
-4.42 ! 0.03 scin Ri 55 
17cl33 4.13 ± 0.07 cc Wh4l 
4.43 t 0.13 scin Bo 51 
4.2 .· ... 0.2 (?) scin Na 53 
4.37 ! 0.02 
18A:35 4.41 ; 0.09 cc E1 41 
4.38 + 0.07 cc Wh 41 
... 
19K37 4.57 ~ 0.13 ( ?) scin Bo 51 
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VI. APPENDIX (continued) 
Table 3. Decay characteristics of parent mirror nuclides 
Positron To 
Emitter (Mev) 
2oca39 ).13 I 0.1) 
6.7 ; 0.5 
2oca39 6.10 ! 0.1.5 
5.58 !: 0.04 
2lsc41 4.94 ~ 0.07 
scin = scintillation spectrometer 
H ,.0 = magnetic spectrometer 
abs = absorption 
pn = -Q'pn 
d = ~dp - ~dn 
Method 
scin 
abs 
scin 
scin 
cc 
39 
Reference 
Bo )1 
Br 53 
Hu .54 
Ri .5.5 
El 41 
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Table 4. Half-lives of positron emitting parent mirror nuclides 
Positron 
Emitter Half-life 
20.35 + 0.08 min. 
20.5 ! 0.6 
20.0 ! 0.4 
20.5 
"" ? - . 
20.5 .· ! 0.5 
20.0 : t 0.1 
20.25 t ? 
20.74 + 0.10 
... 
I 
-
9.93 ± 0.03 min. 
10.13 ! 0.1 
10.2 ! 0.1 
10.05 ... 0.1 
. -
10.05 + 0.03 
126 f 5 sec. 
130 t 6 
130 
"" ? - . 
126 t 2, 
118.0 ! 0.6 
127 :!: 2 
123.2 :!: 1.4 
-
70 ? -+ • sec. 
64 ;: 6 
74 ; 6 
66 
... 
!: 1 
72.0 ... ? 
- . 66 :!:- ] 
60 1' 1 
66.0 : 1.8 
66.0 ! 0.5 
20.3 !: 0.5 sec. 
18.2 t 0.6 
18.6 t 0.4 
18.5 :!: o;5 
19 !: 1.0 
~ 
23 ± 2 sec. 
22.8 :!: 0.5 
22.9 :t o.4 
Reference 
Sm 41 
So 41 
Si 44 
Pe 48 
Ch 50 
Di 51 
Ma 52a 
Ku 53 
Wa 39 
Si 45 
Co 48 
Ho 50 
Ch 53 
Me 35 
Hu 43 
Wa 48 
Sh 49 
Br 50 
Du 51 
Kl 54 
Ne 35 
Ri 37 
Du 38 
Br 48 
Pe 48a 
La 51 
Ho 52 
Wo 54 
Ko 54 
Wh 39 
Sh 49 
Bl 51 
Sc 52 
Na 54 
Cr 40 
Sc 52 
Ph 53 
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Table 4. Half-lives of positron emitting parent mirror nuclides (continued) 
Positron 
~ Emitter Half-life Reference 
12 Mg23 11.6 :!: 0.5 sec. Wh 39 
11.9 :!: 0.3 Hu 43 
12 .&. ? 
- . 
Ba 46 
11.9 't ? Wa 48 
11.4 ! ?. Ed 52 
10.7:!: 0.7 Ph 53 
l3Al25 ~ 7.3 ± ? sec. Br 48 
7 • 62 ~ :!: .o .13' Ch 53 
14Si27 -3.7 + ? sec. Ku 39 
4.9 ± 1 Cr 40 
4.92 + 0.1 El 41 
4.5 :!; _0.5 Hu 44 
4.5 + ? Wa 48 
4.05-+ .0.10 Ph 53 
4.45 t 0.05 Su 53 
l5p29 4.6 ±-0.2 sec. Wh 41 
4.45: 0.05 Ro 53 
16 331 3.18; 0.04 sec. El 41 
2.9 t 0.2 Hu 41 
3.2 :!: 0.2 Wh4l 
2.9 ! ? · Wa 48 
2.6 ± 0.2 Me 49 
2.66:!; 0.03 Ha 52 . 
2.40:!: 0.07 Ph 53 
l7cl33 -2.8 + ? sec. Ho 40 
2.4 ± 0.2 Wh 41 
2.8 :t ? Sc 48 
18A35 1.88+ 0.04 sec. El 41 
2.2 :;: 0.2' Wh 41 
1.84± ? Sc 48 
19K37 1.3 :!: 0.1 sec. La 48 
1.2 :t 0.2 Bo 51 
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Table 4. Half-lives of positron emitting parent mirror nuclides 
(continued) 
Positron 
Emitter 
i 
/ 
Half-life 
1.06 ... 0.03 
1.06 ± ? 
1.1 :!: 0.2 
1.00 1' o. 05 
1.00 !: 0.03 
0.90 ; 0.01 
-
0.87 !: 0.03 
0.873~ ? 
I Reference 
sec. Hu 43 
Wa 48 
Bo 51 
Br 53 
Su 53 
Kl 54 
sec. El 41 
Ma 52a 
-· 
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Table 5. The tft' values, from the weighted average values of 
the endpoint kinetic energies and half-lives, of the 
A=2Z-l positron emitting nuclides 
Positron To tt ft Present work 
Emitter (Mev) (sec) (sec) ft (sec) 
ell 0.962 1223.4 3870 
Nl3 '.,, 1.200 601.8 4650 
015 1..687 120.0 3730 
it7 1. 749 64.7 2730 
Nal9 2.238 18.95 1935 
N}l 2.50 22.9 3640 
Mg23 3.07 11.7 4610 
Al25 3. 23 7.62 3630 
Si27 3.80 4.47 4350 4520 
p29 3.97 4.46 5170 4350 
531 3.90 2.55 2980 4640 
(4.38) (4540) 
Cl33 4.14 2.40 3290 
A35 4.39 1.90 3340 
KJ7 1.28 
ca39 5.13 0.97 3290 4830 
(6.15) (7540) 
sc41 5.94 0.87 5620 
Values .in parentheses refer to the higher-energy data for s31 and ca39. 
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